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(54) A 3-dimensional comb structure 

(57) In the 3-dimensional comb structure, a suspen- 
sion structure (34), which is an inertia body, is sepa- 
rated a predetermined height from a substrate (31 ), 
maintaining the predetermined height from the sub- 
strate. A movable comb, which has at least one movable 
comb finger (35), protrudes perpendicularly from the 
suspension structure (34). A fixed comb, which has at 
least one fixed comb finger (32). protrudes perpendicu- 
larly from the substrate (31), in mesh with the movable 
comb. The 3 -dimensional comb structure is driven by a 
voltage provided from a power supply unit which is con- 
nected to the movable comb and the fixed comb. 



FIG. 3 
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Field of the Invention 

s =o„ .r = ~ sss: ~ - ™ - - — 

Background to the Invention 

W E^c^S^ -Pen dicu ,a rIy ™ -P-t to a f,at 

Paten! No. *.<£2^!5^££^^ St " ^ e ' eC,r0StatiC COmb drt ™ < US 

'5 now be described with reference to FIG 1 Stat ' C aCtUa,0r - The bas,c P"™^ of the electrostatic comb drive will 

parting uponafingerof^^^ 

?<? 

^ = £ 0 -F 2 .-.(1) 

s 

stlt ^erS ^%"Sn^cSS B rS2 ^ thiC ^ SS ° f 3 ,in9er in 3 P «"' a ' to the 

bridge between fingers^ ec , S £ e ^t^ELS^T*"* °' ^ ^ * "* * 3 t0 a 

process for manufLur^ttS^^ f " b f ma ™ fact ^ by a CMOS process such as a 

> shown in Equation 1. sem,c ° n ^tor RAM. and has a constant force with respect to the motion of a comb, as 

22 having a pkiralily of^^e ^SJS^^'* dr ' V % el ^rostatic actuator 20 includes a mass body 
a pluraiity of fixed combs 25 whicr^ Te ZhL with h 0ne hl ela8t,c member 23 con "ected to the mass body 22, and 
Here, the plurality ofrZa^TcZblZT^T^ Tf^ ""^ f ^ 2? ' ,aC '" ng the movable comb fin 9ers 27. 
fingers 25 are suU^L^^J?i 1 fi!^^ * * 21 ^ SUPP ° rterS 24 ' and the ^ comb 

fingers 25 and ton^Zi^^S^^ n™*** 2& ^ 3 V °' ,a9e iS app,ied t0 ,he ,ixed comb 
in a horizontal direction ^^C^e LSS^^*^ !? f^' ,he m3SS *** 22 is ™ ved ^ 
static force generated in this structurJ , hr™^ ^ y electros1at,c ,orce generated by Equation 1. The electro- 
ever, according to tWs siucture th^ ZZ^ ^ * ,he diStance of mo,lon ' as shown in E ^°n ' • How- 

2l.Also.sinc^h^ 

body which is parallel to the ^ ,e the n !l , 25 8re inStaHed 0n both ends of ,he ,lal ™™ 

the mass body Thus an ■? f ° an ' nCreaSe in P rQ P° rtion to the length of each end of 

body must move ^tol^^l^S^ * ^ *"* ^ rM * 6r °' ^ermore, the mass 

ture, a small amounL^lecTsSc for ^^H^^^F^? 0 ™"- ** COnvenfonal co ™ b 
only be driven at the resonance point dr ' Ve ,he maSS b0dy ' so that the 171355 b <*^ c *n 

Summary of the Invention 

™bs£t^ • - P— a 3-dimonsiona, comb structure includ- 

termined heigh thereST sucn to?*/^L P^eterm.ned height from the substrate, maintaining the prede- 

movem e nt;at ,easton 6 ;,^t; :::^::r^ Can vibra,e ° ver th * substrate to detect an inertial 

SO that the suspension struc tur7™ k ~ an iSS m SUSP f nSi ° n Structur6 ' for supporting the suspension structure 

movable c 0r rto% arU ai^^l^^^ST ,e ^ : l™^* C ° mb havinQ at ,east one comb ^ ^ 

comb fingers protruding Trom^ H^SSS^^ " f T* haVm9 3< ' 6aSt 0ne C ° mb fin9er ' the ,ixed 
r0f)fi7i th^ * ■ suostraie opposite to and in mesh with the movable comb finaers 
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structure. 

[0008] In the present invention, preferably, an electrostatic force is generated perpendicular to the direction of pro- 
trusion of the movable combfmgers from the suspension structure, when a voltage is applied to the movable combed 
the f.xed qomb, so that the 3-dimensional comb structure is excited parallel to the substrate. It is preferable that the mov- 
able comb is meshed with the fixed comb having a predetermined gap between a finger of the movable comb and a 
finger of the fixed comb. wd 

[0009] It is also Preferable that the movable comb and the fixed comb face each other, and are arranged on the sus- 

I ZZTZ £ , ? ? UbSt : a,S ' respec,ivel * in a circuIar symmetrical manner, such that the suspension structure 
is horizontal to the substrate and rotates around the center of the circular symmetry 

[OOio] According to a second aspect of the present invention, there is provided an inertia detection sensor adopting 
11. T , !° C °T k ' nClUding: 3 substrate; a suspension structure separated a predetermined height from 
Tlt£ZT h TT'™ 3 ? predetermined hej 9 ht therefram ' such that the suspension structure can vibrate over the 
substrate to detect an inert,al movement; at least one elastic member connected to the suspension structure for sup- 
porting the suspension structure so that the suspension structure makes an inertial movement; a movable comb having 
at least one comb . finger, the movable comb protruding from the suspension structure; a fixed comb having at least one 
comb finger, the fixed comb fingers protruding from the substrate opposite to and in mesh with the movable comb fin- 
thelixe^comr 5 " 19 aCCeleration by sensin 9 a ca P a <% change between the movable comb and 

S^i- P f era f' y ' a " e,ec,ro8 »tic force is generated perpendicular to the direction of protrusion of the movable 
comb fingers from the suspension structure, when a voltage is applied to the movable comb and the fixed comb so that 

1 £T"J!° n StrUCtUre iS 9XCited Para " el *° the Substrate - « is P^ferable that the movable comb is meshed 

wrth .he fixed comb having a predetermined gap between a finger of the movable comb and a finger of the fixed comb 
[001 2] It is also preferable that the movable comb and the fixed comb face each other, and are arranged on the sus- 

f^n^T^ T ? UbSt : at6 ' reSpeCtivel * in a circular ^"metrical manner, such that the suspension structure 
horizontal to the substrate and rotates around the center of the circular symmetry. 

f* 0 "*" 0 toa ,hird of the P resert 'mention, there is provided an actuator adopting a 3-dimensional 

comb structure comprising: a substrate; a suspension structure separated a predetermined height from the substrate 
maintaining the predetermined height therefrom, such that the suspension structure can vibrate over the substrate to 

30 n™T, r T ! ?k 3t ' eaSt el9S,iC memb6r C ° meCted 40 the ^spension structure, for supporting the sus- 
30 pension structure so that the suspension structure makes an inertial movement; a movable comb having at least one 
Z r IT' th h e ( m ° vable comb . Protruding from the suspension structure; a fixed comb having at least one comb finger 
the fixed comb fingers protruding from the substrate opposite to and in mesh with the movable comb fingers- and a 

?Zl SUW e 7 T 9 3 V °' ta9e b8tWeen th6 m0V9ble C ° mb and ,he ,ixed comb t0 M ^ suspension structure 
3s I^h f Pr f erab ' y ' an electr °static force is generated perpendicular to the direction of protrusion of the movable 
35 comb f'ngers from the suspension structure, when a voltage is applied to the movable comb and the fixed comb, so that 
IT comb structure is excited perpendicular to the direction of protrusion of the fixed comb. It is preferable 

£L » h f Tk ' S , ^ Shad With thS fiX6d C ° mb having a Predetermined gap between a finger of the movable 
comb and a finger of the fixed comb. 

40 Brief Description of the Drawings 

ingsTn vhST**** °' inVenti ° n wi " now be bribed in detail with reference to the accompanying draw- 

s F tSc 1 force Plan SChematiCa " y il,ustratin 9 the configuration of a conventional comb structure using an electro- 

FIG. 2 is a perspective view illustrating an embodiment of an actuator employing the comb structure of FIG 1 • 
FIG 3 is a perspective view illustrating the basic structure of a 3<limensional comb structure which is used in an 
inertia detection sensor and an actuator according to the present invention- 

comb 4 s'tru a cturroTRG e 3 VieW '" UStratin9 3n emb ^iment of a straight-forwarding actuator using the 3-dimensional 

FIG. 5 is a plan view illustrating an embodiment of a rotary 3-d,mensional comb structure which is used in an inertia 
detection sensor and an actuator according to the present invention- and 
^ FIG. 6 is a plan view illustrating another embodiment of the rotary 3-dimensional comb structure of FIG. 5. 

Detailed Description 

[0016] Referring to FIG. 3, a 3<limensional comb structure using an electrostatic force according to the present 
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ETSC Si T^T^TJ ^ M *«y°» - «*<*«* 31. and a, .east one moV - 

finger 32 andtor^ 

a perpendicular direcTn JSS£?1^' T * %t by 3 d ' S,anCe h in 

to each other, as shown in FIG 3 sScJ that th« v h " \ P ° f° mb ' '" 9erS 32 and 35 are e ' eCtrica "y connected 
a voltage proved trorn a pSr sufSy * " eleCtnCa ' **' WhiCh h fl6n ™ tad between **» «* 

ELthelixt^ appli6d fr0m » e P° wer SU PP'V 36. a capacitor is formed 

tanceco^™^^ 

r - ** x 

£ °~ ...(2) 

as shown in FIG. 3 an energy U stored in ^,1,1 r6Spectlvel * S ' nce the 9 a P s ex,sts between two comb fingers, 
given by Equation 2 ^ *" ' S by the followin 9 ^ uation 3 ^ the capacitance 



-(4) 

etc s 



35 w , h refe 5 n U c a t^S^ST" 6 1 T mWab,e C ° mb ,in96r 32 and the «** «* 

according to S^a^nST 0 ? T*?? 3 S^"' comb 

a perpendicular direction to the movable corr^nge 32 arc the f J^JZ XTV? ^ F 3CtS 

to the substrate 3 1 9 1 6 ' ' Xed COmb f ln9er 35 ' thai ,s - ln ,he direction 39 parallel 



wTnow JSSS^^J^S^^T- TTr USin9 30 e * eC,rOStatiC f ° rCe ^ SUCh 3 """"una-on 
driver using the 3^enlnaf ITure of F g"^ ^ 4 ' - ShOWS " embodi — 1 * * straight-vibrating 
gers 43 which protrude perp^SrTy^rl nr ^c ""P™ 0 " s,ructure 42 h ^ a plurality of movable comb fin- 
a plurality of supporters 45 A plurality of fixe^in^-rth P or ^ bv « substrate via a plurality of support springs 44 and 
comb fingers ^TJ^^^^^iV^ ™V T** * 

force, as described with reference to HG TZll L * I^ZT™^ comb structure is driven by an electrostatic 
horizonta, width thereof X respeS mhe sub ra^e Z^tZ^l^ T 44 " madB lar9er ,ha " ,he 

r:v-tS^ 
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' Sttond ^ T" !T K QUati0n 5 tha ' thS h ° ri20ntal ri9idity and the vertical of the ^PPort spring 44 are 

?™ ° me honzontal Wld,h ^ cube of the vertical width, respectively. 

SS^r 18 " a . V f a9e iS aPPNed ,r ° m 3 POWer SUpp,y means (not shown > t0 ,he movable c °"*> fingers 43 and the 
ixed comb fingers 46, a capacitance as given by Equation 2 is formed between the movable con* fingers 43 and the 

IT* 461 A ' S0 ' ,0rC6 9iVen bV EqUati ° n 4 iS 9enerated in a erection which is parallel to the subs'ate 

s "n ane'rnatTna TfTTl * r ' 9ht When ,he V °" a9e ,r ° m the P° Wer Supply means < not 

fon^ 7 fi t , V °J 96 ' thC SUpP ° rt s*"" 9 44 allOWS ,he suspension structure 42 to reciprocate in the direc- 
t.ons md.cated by double-headed arrow 47 according to the applied alternating current voltage while supporting the 

cSinn^ Z n T t]n9 ^ StrUCtUr6, C ° mbS arS inStaHed 0n ^ ends of a mass bod * sucn that «he number of 
.Zh <T°!. '. nCreaSed ' n Pr ° POrti0n t0 the ' ensth of the mass 0n the other ha-xi. in the S^iimensional 

boT^hlhl?^ 0 ^ 9 t0 / he IT 6 * inVenti ° n ' C ° mb fin9ers protrude Perpendicularly with respect to the mass 
Ti m!£ f k ♦ °° mb f ' n9erS 03,1 be inCreaS6d in pr0por,ion to the area ° f ^ m «ss body. Therefore the 

f c r 1 m 6 accordin 9 *° the P resenl 'mention can increase the number of comb fingers per unit area 

as compared to the existmg comb structure shown in FIG. 2. so that it becomes much stronger. This struSure is us^ 
in various actuators and inertial detection sensors. 

SJ?h- A " a °f lera !i° n deteCti ° n S6nS0r ° an 66 taken as an 6xample of an inertia de,ection sensor which adopts 
the 3-d,mens,ona comb structure using an electrostatic force. The suspension structure 42 in the comb structure of 

r^i'LThfc k ?^ ^ S A Ub f at6 41 by 3 9iV6n diStahCe ' such ,hat i{ can move m ,he horizontal direction 47 with 
XS£h™ If \t f t,me ' When 3n aCCeleration ir1 a erection indicated by arrow x is applied, the suspen- 

blThf™ Z k f d ' reCtl0n iPdiCated by arrOW x ™ s motion is sensed as a capacitance change caused 

a C ° 96rS 43 the f iXSd C ° mb ,in9ers 46 ' thereby detectin 9 the varia «°" « acceleration. 
«S k f r ° S6nSOr 66 takGn 35 an ° ther example of an iner,ia detection sensor which adopts the 3-dimen- 
riSonTv ^ U !T 9 r electrostatic force - While th e suspension structure 42 in FIG. 4 moves in the horizontal 
trrT-Z r ^ SCt l °, the SUbStrate 41 ' 3 C ° ri0,iS force in a direction indicated ^ ™ z is generated when an 
cat<S Tz«Z?tL 'T f eCt ' 0n indiCa,6d bY 3rrOW * thuS Vibrating the suspension structure 42 in the direction indi- 
aSeratfon V " * * appropria,e sensor ( not shown in FIG- 4). thereby detecting the applied 

E^fL • 3 " dim f nSi0nal comb struc,ure usin 9 ^ electrostatic force according to the present invention can also 

ZT^i J a ? Uat0rS f ° r m ° Vin9 9 suspension structure which is an inertia body, and in various inertial sen- 

sors ana magnetic flux detection sensors. 

i^imJi'S'ih iS a SChematic view i""strating a rotary driving structure 50 taken as an example of still another 
T!l I 3-d.mensional comb structure according to the present invention. In this embodiment which is a 
structure which can apply a force to a circular structure, a rotary suspension structure 52 has a plurality of movable 
comb fingers 53 which protrude perpendicularly with respect to the rotatory suspension structure 52. and is supported 
by a substrate 51 while maintain.ng a predetermined distance from the substrate 51 via a plurality of support springs 
th* ™ h ^ SUPPOflerS 56 - At least one fi *ed <=omb finger 54. which is installed in opposite to and mesh wrth 

^Ts^larTtSiTS StandS T rpendiCU ' arly ° n the Subs,rate 51 The operatl ° nal principle ° f ^is comb struc- 
ture is similar to that of the aforementioned comb structure. 

ES™ r a Kf a9e i S apPli6d <r0m a P0WSr SUpply means < not shown ) to the movable comb fingers 53 and at 
h! < Z ^ ^ ' 3 capadtan ce as given by Equation 2 is formed between the movable comb fingers and 

n^^^r , 3 f °[ Ce 9iVen b/ EqUat '° n 4 iS 9 en erated parallel to the substrate, thus rotating the rotary sus- 

suDoor?st S ff I!' " , e " VO ' ,a9e aPP ' ied ,r ° m ,he supply means is an al,erna t in g current voltage, a 
an^S^rST 8 r " ?7 SU f ension structure 52 10 reciprocate a circular arc section having a predetermined 
to Jl , P ^ 3 , tin9 ° Urrent VOlla9e ' While Supportin 9 the rotary suspension structure 52. In order 
o ZHZ ' T Pr , eferable th3t * he SUPP ° rterS 56 are electrically insu,ated ,rom the substrate 51 to prevent 

flow of current. The operational principle of FIG. 6, in which the supporter is positioned at the center of a rotary mass 
body, is the same as that of the structure shown in FIG. 5. The structures shown in FIGS. 5 and 6 can be used in various 
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actuals and sensors according ,o the principle described in the latter part c, the descnption of the structure shown in 

^s^^;^^^^^ - the present invention and an inertia, 
tia body, is separated a predetermined h^^7SS^l^ n, l SUSp ! ns,on structure ' whi <* * an iner- 
strate. A movable comb, which has at least one movLlemmh f- ,he P redetermined hei 9ht from the sub- 

structure. A fixed comb, which hasatleastle feS combS *T per P endicu,ar| y from suspension 
with the movable comb. The 3-dimenSona, cc n T^r^ P ^ S per P endicular| y from th * substrate, in mesh 
which is connected to the movable comb and SxtS ccZ * V °' ta9e P '° VkS&i fr0m 3 ^ 

rr e 3 ? imensiona ' ^ ^^^zzz::xi: ator and the inertial detec,ion sensor ^ 

Ulentl^^^ ,0 the and the substrate. 

Thus, the present invention can^Sr^T^Sl S3 52 Z " t0 m 

T0031 1 <WnnHh, m\ * . usiaiic Torce greater than an existing comb driver 

trusts of ZSZZ^TJSSZZ ,n f Stin9 C ° mb StrUCtui iS *• Sa - - "* of the pro- 

d ^:so ^z^^^z^t^: present in * en tion is s,ron9er than ,he ~* 

f00337 Fn. .Hhiw + u u,mn w aispiacement by which a suspension structure is driven 

comb structure to move theln^ luS T^erefcfe wh^? SUSpenSI °" Structure at < h * ™sonance point of the 
ufactured using the comb structure aSSc , tc T^nr^V ^ * r6S0nanCe ™* 35 miCr ° 9yro is man " 

of the structure does not need to b SSi wS a res™" f^' * r6S ° nanCe in the exdtation directi °" 

10034] Fifthly, the comb driver Sordino ?I ?h resonan <=e frequency ,n the sensing direction thereof. 

amount of ^^^JZl^^^^S^ 9 T erate 3 SUf,iCi6n,ly ' ar9e forC6 at 3 Sma " 
age than the existing comb driver. accordmg to the present .nvention can be driven with a lower volt- 
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A 3-dimensionai comb structure comprising 
a substrate; 
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' 9. 
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10. 



^tSSS^SS" accordin9 ,0 any preced,ng c,aim ' wherein ,he interval between the «** 



ati^cordmTto^ 5 PreC6din9 C ' aim ' Wherein an ^'^rostatic force, which is gener- 

mm according to a change in the relative distance between the movable comb and the fixed comb k JLL 
when a constant voltage te applied between the movable comb and the fixed comb ' M 

An inertia detection sensor comprising a 3-dimensional comb structure according to any preceding claim and a 
sensing un,t for detecting an acce.era.ion by sensing a capacity change between the ™Z^artZTj 

An actuator comprising a 3-dimensional comb structure according to any of claims 1 to 8 and a power supolv for 
proving a vottage between the movable comb and the fixed cor* t0 excite the suspension structure 
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FIG. 1 (PRIOR ART) 




FIG. 2 (PRIOR ART) 
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FIG. 3 
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FIG. 5 
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(57) In the 3-dimensiona! comb structure, a suspen- 
sion structure (34), which is an inertia body, is separated 
a predetermined height from a substrate (31 ), maintain- 
ing the predetermined height from the substrate. A mov- 
able comb, which has at least one movable comb finger 
(35), protrudes perpend icutarty from the suspension 
structure (34). A fixed comb, which has at least one fixed 
comb finger (32), protrudes perpendicularly from the 
substrate (31), in mesh with the movable comb. The 
3-dimensional comb structure is driven by a voltage pro- 
vided from a power supply unit which is connected to 
the movable comb and the fixed comb. 



FIG. 3 



36^ 




Q. 

HI 



Printed by Jouvo, 7S001 PARIS (FR) 



EP 1 020 984 A3 



Euro^an Pafnt EUROPEAN SEARCH REPORT ^^ZT 
Office EP 00 30 0067 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of r&Jevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tr*.CL7) 



ET 



US 5 408 355 A (KIEHNSCHERF RICHARD 
At) 18 April 1995 (1995-04-13) 

* column 1, line 65 - column 2 ; line 68 * 

* figures * 

US 5 572 057 A ( YAMAMOTQ TOSHIHASA ET AL) 
5 November 1996 (1996-11-05) 

* column 10, "line 53 - column 11, line 12 
* 

* figures 19,22 * 



1-5 



1-5 



H02N1/00 

H01H59/00 

G01C19/56 

G01P15/125 

G01P15/13 



TECHNICAL FIELDS 
SEARCHED (lnt-CI.7) 



H02N 

G01C 
G01P 
H01H 



The present search report has be&rt drawn up tor atl claims 



THE HAGUE 



21 September 2001 



Ramos , H 



oatiwry of on to documents 

. particularly rek;V£tn( 1 taken alone 

: particularly relevant if comDinfid wilh anoth» 

flcirutmeni of the s<ime caiotjory 
: It-'chnirfuylceil t»«cKgrountJ 
: non-wi4len disCiO'iuie 
. tntern ledal e i>v:<jmen) 



(lieory tx principle uri'JertyifKj ttie irmmlion 
eArtwr pat^n( <ioctta*H\t , but puhtishwl otv c. 
alter I he filing dale 
• rtx.nment ct&a in irw> apf ^ration 
document citud Mir ullter reasons 



member of Ihe same patent taintty. corresponding 
ckif'JHiieni 



2 



EP 1 020 984 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 30 0067 



This annex lists the patent family members relating to the patent documents cited m the above- mentioned European search report. 
"The members are as contained in me turopean Patent Office BOP rite on 

The European Patent Office is in no way liable for these particulars which are merely given lor the purpose of information, 

21-09-2001 



Palont document 


Publication 


Patent family 


Publication 


ci tad in search report 


date 


member(si 


date 



US 5408355 



18-04-1995 0E 
EP 
JP 



4229507 Al 
0539889 A2 
5251805 A 



06-05-1993 
05-05-1993 
28-09-1993 



US 5572057 A 05-11-1996 JP 7176767 A 14-07-1995 

JP 7211923 A 11-08-1995 

DE 4445553 Al 22-06-1995 



i Fck niDfe details about tins annex : see Oflicial Journaf o( the European Patent Office, No. 12/82 



3 



